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Abstract 
In grazing systems, operating profit is strongly associated with pasture utilisation. Therefore, efficient grazing 
systems maximise the production of pasture and utilise between 80 and 90% of the forage grown. Optimising 
this system requires appropriate soil nutrient concentrations, the best pasture species for the location and 
grazing management practices that maximise pasture production, while achieving high utilisation. Such 
systems also require a “fit for purpose” cow that can harvest large amounts of pasture in a short time, is 
resilient to short-term changes in feed supply, has low maintenance requirements (i.e., <550 kg live weight), 
is highly fertile, docile, and long-living. Annual stocking rate is set to optimise pasture utilisation, while 
achieving moderate levels of production/cow. Farmers and advisers must be profit-focussed and recognise 
that efficient grazing systems are a compromise between feeding the cow and maximising output from the 
land. In efficient grazing systems, supplementary feeds are used to manage pasture, not to achieve greater 
milk production/cow. The basic tenets of a successful grazing system will be discussed further, but, basically, 
efficient systems maximise the harvest of pasture/ha and maximize the proportion of the cow’s diet that is 
grazed pasture, within practical limitations. 
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Puntos clave para un eficiente sistema lechero de pastoreo en zonas templadas 
 
Resumen 
En los sistemas de pastoreo, la ganancia operativa está fuertemente asociada con la utilización de los pastos. 
Por lo tanto, los sistemas de pastoreo eficientes maximizan la producción de pasturas y utilizan entre el 80 y 
el 90% del forraje cultivado. La optimización de este sistema requiere las concentraciones adecuadas de 
nutrientes del suelo, las mejores especies de pastos para la ubicación y las prácticas de manejo de pastoreo 
que maximizan la producción de pastos, al tiempo que logran una alta utilización. Tales sistemas también 
requieren una vaca “apta para el propósito” que pueda cosechar grandes cantidades de pastos en poco tiempo, 
sea resistente a los cambios a corto plazo en el suministro de alimento, tenga bajos requisitos de 
mantenimiento (es decir, <550 kg de peso vivo), es altamente fértil, dócil y de larga vida. La tasa de 
almacenamiento anual se establece para optimizar la utilización de los pastos, mientras se logran niveles 
moderados de producción / vaca. Los agricultores y asesores deben centrarse en los beneficios y reconocer 
que los sistemas de pastoreo eficientes son un compromiso entre alimentar a la vaca y maximizar la 
producción de la tierra. En sistemas de pastoreo eficientes, los alimentos suplementarios se utilizan para 
administrar los pastos, no para lograr una mayor producción de leche / vaca. Los principios básicos de un 
sistema de pastoreo exitoso serán discutidos más a fondo, pero, básicamente, los sistemas eficientes 
maximizan la cosecha de pasto/ha y maximizan la proporción de la dieta de la vaca que se pasta, dentro de 
limitaciones prácticas. 
Palabras clave: sistemas de pastoreo; piensos suplementarios; producción de leche. 
 
Background – system choice 
 
Interest in intensive grazing systems in temperate 
climatic zones has been recently rejuvenated 
because the low cost of production relative to 
housed systems results in greater resilience to 
commodity price fluctuations. Operating profit/ha 
is strongly associated with cost of production, 
rather than milk production, per se, and costs of 
production are strongly associated with pasture 
utilisation. Therefore, efficient grazing systems 
maximise the production of pasture and achieve 
the utilisation of 80-90% of the forage grown. 
Despite the recognition that the profitability of 
grazing systems is largely associated with pasture 
utilisation, there remains an ‘ancestral belief’ that 
higher milk yields/cow will be associated with 
greater profitability because of the improvement 
in feed conversion efficiency. Incomplete 
marginal analyses of the value proposition from 
using supplementary feeds, inaccurate 
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associations between forage fibre content and dry 
matter intake (DMI), inflated predictions of milk 
response to purchased feeds, and theoretical 
calculations of productive efficiency serve to fuel 
these myths. As a result, ‘hybrid systems’ that 
utilize grazed pasture as the forage in a mixed 
ration are proposed by many as the way to 
optimise productivity from a grazing system. 
Although productivity/cow (i.e., milk output for a 
given input) may be greater in these systems, so, 
generally, is the cost of production (Figure 1). 
International data indicate that costs of production 
(per L of milk) are as high in hybrid systems that 
use pasture as 50% of the cow’s diet as they are in 
complete confinement systems. This questions the 
logic of grazing at all, considering it is likely to 
reduce milk production/cow through decreased 
DMI and increased energy expenditure for non-
productive purposes. 
In grazing systems where more than 50% of the 
diet of the cow is grazed pasture, the effect of feed 
supplementation on cost of production is much 
more severe (Figure 1). In such systems, there is a 
linear decline in pasture utilisation with increased 
supplementation. International data indicate that 
the cost of production increases by US$0.05/L 
with each 10% decrease in the amount of grazed 
grass in the cow’s diet (Figure 1). This effect of 
supplementation on the cost of producing milk 
was recently confirmed in Ireland and the UK: for 
every US$100 spent on feed, operating expenses 
increased by approximately US$120, on average, 
and total costs increased by US$150. As a result, 
profitability on the average dairy farm declined 


















Figure 1. Average cost of producing 1 L of milk relative to amount of grazed pasture in the diet.  
US traditional = Confinement; Dk = Denmark; Ger = Germany; UK = United Kingdom;  
NL = Netherlands; Fr = France; Ire = Ireland; Aus = Australia; NZ = New Zealand. 
 
In summary, efficient grazing systems maximise 
pasture production and utilisation. This does not 
mean that supplementary feeds cannot be used 
strategically. However, efficient grazing systems 
limit their exposure to feed costs by setting a 
stocking rate that maximises the proportion of the 
cows’ diet that is grazed pasture, within the 
bounds of practical farm management. 
 
Maximising pasture production and utilization 
 
Temperate grasses grow slowly immediately post-
defoliation and increase in DM production with 
each successive leaf, up to a maximum leaf 
number for the species (e.g., perennial ryegrass 
grows up to 3 live leaves). This is important 
because it means that the longer temperate 
pastures are left between grazings, the greater the 
total DM production: for example, approximate 
proportions of total DM accumulation at each leaf 
stage for perennial ryegrass-dominant pastures are 
10-20, 35-45, and 40-50% of DM yield in the 
first, second, and third leaves. In general, when 
temperate pastures reach the maximum leaf 
number, the first leaf dies with the production of 
the next leaf, dead material accumulates and there 
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Figure 2. The effect of advancing leaf stage on key nutritive factors in perennial ryegrass. NDF = 
neutral detergent fibre; NFC = non-fibre carbohydrate; ME = metabolisable energy 
 
There is very little change in feed quality with 
advancing plant development (Figure 2). For 
example, between the first and fourth leaf stage in 
perennial ryegrass in spring, crude protein 
concentration declines by ~30%, neutral detergent 
fibre (NDF) concentration increases by ~10%, 
non-fibre carbohydrate (NFC) concentration 
increases by ~10%, and metabolisable energy 
(ME) content (MJ/kg DM) declines by only ~5%. 
Therefore, to maximise harvestable DM 
production/ha, grazing in temperate pastures 
should be delayed until the final leaf has emerged, 
but before the canopy has closed and quality 
declines. 
To maximise utilisation of pasture grown, 
temperate pastures should be grazed consistently 
to post-grazing residuals of 3.5-4.0 cm. These 
residuals ensure that cows can consume 
approximately 90% of their potential pasture 
DMI. To increase DMI to the cow’s potential, 30- 
40% of pasture grown would have to be wasted. 
In addition, by ensuring these residuals are 
consistently achieved, pasture quality is 
optimised: in systems experiments, pasture ME 
content declines by ~0.1 MJ ME/kg DM for every 
additional100 kg DM post-grazing residual. 
Therefore, the reduction in ME intake/cow is less 
than would be expected from the 10% lower DMI. 
 
Breeding the right cow 
 
In addition to traditional production traits, the 
ideal grazing cow needs to be selected for 
important functional traits: 
• The cow must be able to walk reasonable 
distances without getting lame. 
• As daily grazing time is limited, she must not be 
heavier than the live weight that maximises DMI 
from grazing (~550 kg). Therefore, there must be 
a negative weighting on live weight. 
• Because operating profit is strongly related to 
pasture utilisation, she must also be fertile. It is 
important that the maximum DMI demand of the 
herd coincides with peak pasture growth; if this 
does not occur, there will be a requirement for 
additional conservation and increased use of feed 
supplements, both of which can add considerably 
to the costs of production. To achieve this 
synchrony of cow DMI demand and pasture 
supply, cows must calve on the same day each 
year, in theory, and the majority of the herd must 
calve in a 2-3 week window 8-10 weeks before 
the supply of pasture (seasonal calving) equals the 
demand of the herd. 
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As a result, these functional traits have been 
incorporated into the major genetic selection 
indices for grazing systems. 
 
Nutrition – feed the wedge, not the cow 
 
The focus of nutrition in most systems is to feed 
the cow. However, management of grazing 
systems must focus on pasture harvested, as it is 
pasture harvested that drives profitability. To this 
end, supplements must be used to help manage 
pasture rather than to feed cows better; the mantra 
should be to “feed the wedge, not the cow”. Thus, 
supplements are offered when pre-grazing mass is 
less than required to feed the herd or when post-
grazing residuals are less than optimum (<3.5 cm). 
Metabolisable energy (ME) is the primary factor 
limiting milk production when there is insufficient 
pasture. Therefore, supplements should be chosen 
on the price of ME (c/MJ ME). The type of feed 
is, largely, unimportant, as long as it is supplying 
a reasonable ME density (i.e., >10.5 MJ ME/kg 
DM). For example, farming systems studies 
indicate that the same production of fat and 
protein (colloquially termed milksolids [MS] in 
systems paid for yield of milk components) is 
achieved per MJ ME from either silage, 
concentrate, or grains. In addition, more detailed 
nutrition experiments indicated no effect of 
replacing pasture with a concentrate feed on 
production and no difference in MS yield between 
a grain- or fermentable fibre-based concentrate 
supplement, when the same amount of ME/cow 
was consumed. 
As such, nutrition in grazing systems should not 
be complicated. If there is sufficient pasture to 
feed the cows and allow a residual of 3.5 cm, the 
MS response to supplementary feeds will be very 
small and is unlikely to be profitable. If there is 
insufficient pasture (i.e., residuals <3.5 cm), cows 
will be short of ME in most situations and the 
source of ME is not important. Therefore, cows 
should be provided with the cheapest form of ME 
possible. 
 
Stocking rate – putting it all together 
 
In temperate systems, pasture production can be 
maximised, while achieving high utilisation rates, 
by optimizing stocking rate and selecting the 
correct cow for the farming system. This is 
because a high stocking rate facilitates longer 
grazing rotations. These result in greater pasture 
DM production and greater pasture utilisation, 
because of the smaller grazing areas/cow. The 
ideal cow is both an avid grazer and resilient to 
short-term changes in feed supply. Experimental 
results indicated a 5.5% increase in pasture 
production and an 11% increase in pasture 
utilisation with each additional cow/ha increase in 
stocking rate (up to 4.4 cows/ha). Although 
ME/kg DM is predicted to decline by 2.5% from 
the first to the fourth leaf (Figure 2), the farm 
system studies indicate a 2.5% increase in ME/kg 
DM with each additional cow/ha increase in 
stocking rate and the associated greater rotation 
length, probably because of the linear decline in 
post-grazing pasture residuals. 
Although MS production/ha increased linearly 
with increasing stocking rate (up to 4.4 cows/ha), 
the effect of stocking rate on profitability was not 
linear, because the increase in stocking rate also 
led to a linear decline in MS production/cow and 
this eventually outweighed the benefit of 
increased MS production/ha. These results 
indicated that there is a stocking rate that 
maximises profit. This optimum is dependent on 
the pasture production capacity of the land, the 
size of the cow, the amount of supplement 
introduced from off-farm, and whether young 
stock are reared on the milking platform or on a 
different property. To establish a benchmark that 
would allow different farms to identify the correct 
stocking rate, the concept of Comparative 
Stocking Rate (CSR) was introduced, which 
allowed these interacting factors to be considered. 
Comparative Stocking Rate defines the carrying 
capacity of the land as kg live weight/tonne DM 
of all feeds available. Research results indicate 
that the optimum CSR is ~80 kg live weight/t DM 
offered. This means that a 550 kg cow must have 
6.9 t feed DM available/year; with 80% 
utilisation, this would result in a DMI of 5.5 t DM 
and a cow producing approximately 400 kg MS. 
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Efficient grazing systems maximise the harvest of 
pasture/ha by choosing the correct stocking rate 
and cow for the farm and only providing 
supplementary feeds when pre-grazing pasture 
mass or residual height is less than optimal. In 
doing this, pasture growth and utilisation will be 
optimised, profit maximised, and a business 
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